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INTRODUCT lON

In 1908 Leo Buerger , after an exhaustive study established
the disease, which he termed thrombo-angiitis obliterans , as a
definite clinical and pathological entity.

Through his work , a

foundation was laid for the classification of the large number
of affections involving the circulation of the extremities, and
his work is today still the most authoritative on this entity .
Buerger 1 s disease, or thrombo-angiitis obliterans, remains
a subject of perennial interest because of its obscure etiology,
its limitation to the male, its predominant occurrence in the
Hebrew race, and the fact that it may affect other parts of the
body besides the extremities .

Like other diseases of unknown

etiology , inmumerable measures of treatment have been described
for this condition .
As Buerger stated,

11

A careful consideration and investigation

of all the basic anatomical changes as well as the many clinical
phenomena characteristic of thrombo-angiitis obliterans will do
more in a practical way to fashion and shape our concepts of the
vasomotor and trophic neuroses and all allied organic affections
of the vessels of the limbs th an the study of any other single
or group of such diseases" (1).

'Nith this in mind , the writer

has undertaken to review the literature of this disease .

Special

emphasis is stressed on the etiology , general distrioution of
the disease , and conservative treatment .
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DEFINITION
Thrombo-angiitis obliterans is a disease of the arteries
and veins of young or middle aged adults, producing an impairment
in the local blood flow and characterized by periods of progressions and remissions.

Pathologically , there is an infl8.ill!llation of

the arteries and veins associated with thrombosis, occluding the
lumen and fibrous tissue binding the vessels together.

A migra-

tory superficial thrombo-phlebitis is frequently noted.

fao re

than one limb is usual ly involved at one time or another.

A port-

ion of the circulatory deficiency is frequently dependent on sympathetic vasoconstriction in the early stages (2).

HISTORY (1)
Thrombo-angiitis obliterans has been previously described by
the Germans under the name
Obliterans 11 •

0

1

Spontan--Oangr a n 11 and

11 Endarteritis

In 1879 von .Viniwarter published the results of the

pathological findings in one case, and re ported on obliteration of
practically all of the arteries of the leg by reason of a chronic
proliferative process due, in his opinion, to a new growth of
tissue from the intima.
name

11

He proposed to call this lesion by the

Endarteritis Obliterans 11

•

Somewhat later, Wilonski pronounced the opinion that the
essential change in the vessel walls was due to a multiplication
of the elastic fibers and proposed the name

11 Arteritis

Elastica 11

•

Weiss and von !vianteuffel suggested that the extensive occlus-
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ion of the vessel was due to a primary arteriosclerosis causing
the formation of' a parietal white thrombus with a gradual extension downward followed by organization.

In their cases, the veins

did not seem to be involved .
Buerger (5) in his original article , writ ten in 1908, described
the development of two schools of thought concerning the pathologic
changes of this disease.

One school attri buted the closure of the

vessel to a proliferation of the intima, and the other school considered the process to be a peculiar t ype of arteriosclerosis in
which desquamation of endothelium in the popliteal artery lead to
the formation of a parietal white thrombus and occlusion .
Buerger did not agree with the above views and concluded that
he was dealing with a thrombotic process i n the arteries and veins
followed by organization and canalization.

Through his work, this

condition has been placed on a sound clin i cal and pathological foundation.
This disease has been described under a variety of names .
According to Jablon (4), it has been known as
otica11,
11

11 Erythromelalgia 11 ,

11 Vasomotor

,

11

Presenile Gangrene",

11

0bliterating Endarteritis 11

11

Acrocyanosis 11

,

11

,

11 Local

Acroas phyxia",

,

11 Gangstockung 11 ,

11 Spontaneous

11 Acrosphacelus 11 ,

11 Paralysie

11 Pseudo-erythrome lalgia",

Endarteritis Obliterans 11 ,

11

11

Raynaud 1 s Disease 11 ,

Russi an, Jewish or Yiddish Disea se",

-)-

Gangrene",

Asphyxi a of the Extremities 11

matrice des Extremities",

ease",

Angioscler-

Neuroses of the Extremities",

Crural Angina", Intermittent Claudication 11

"Juvenile Gangrene 11

11 Dysbasia

11

,

Vaso-

11 Nonsyphilitic

Friedlander 1 s

11 Scleroderma 11 ,

Dis-

11 S clero-

dactylia 11 , "Multiple Neurotic Gangrene" and
To this list Perla (5) added
eritis Obliterans 11

,

11

11

Endarteritis 11

11 Nonsyphili tic

and

11

,,

Acroparesthesia 11 •

Gangran Spontan11

Arteritis Obliterans 11

of the Young",
,

11

11

,

Arteriophlebitis Obliterans 11

,

"Primary Endart-

"Obliterative Arteritis
,

11

Endophlebitis and

Obliterative Arteri tis of the Hebrews",

Tokuhatsu dasso Gangraena Spontanea 11 (Japan).

according to Buerger 1 s

(5)

It is now called

suggestion, thrombo-angiitis obliterans,

or in recognition of h is work and in deference to the part he has
played in establishing the clinical and pathologic concepts of it,
Buerger 1 s Disease .
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ETIOLOOY
TOBACCO
Since Buerger (3) described the disease, that bears his name,
there has been controversy concerning the significance of smoking as
a factor in the cause and progr ess of thrombo-angiitis ooliterans .
Clinically, it has been consistently observed that the lesions do not
heal well, often not at all , while the patient continues to smoke .
Furthermore, lesions recur quickly in many patients, if smoking is
resumed, even many months after healing .

On t he other hand, the

lesions do not tend to progress unless the patient is smoking.
The occurrence of this disease in smokers has been commented on
by such early writers as Erb (6) in 1904, t,i chels (7) in 1909, and
deyer (8) in 1919.

However, cases in non-smokers have been reported

by Jablons (4) and Brown, Allen and 1/iahorner (9).

Silbert (10)

stated , that whatever may oe the underlying cause, smoking plays an
active role in the production of this disease.
case in a man who was not a habitual smoker.

he has never seen a
He also noticed failure

in imp rovement of his patients under treatment who continued to smoke.
in a statistical study of 350 unselected cases, Barker (11) showed
that, whereas heavy cigarette snokers were col'.lilllon, there still remained a small group of non-smokers and a slightl.r larger group
who were mild smokers.

A series of 150 ca ses studied by Jones in

collaboration with Brown, Allen and Mahorner ( 9) revealed three
patients who were total abstainers.

In t ~is series they found that

American and foreign blends of tobacco were used almost equally.

-5-

In 1919 !I.eyer (8) concluded that there seemed to be just one
etiological factor responsible for the characteristic syndrome of
this disease and this he believed to be tobacco smoking poisoning .
He (12) believed t hat sufficient amounts of nicotin, pyridin , cyanic
hydrogen , carbon monoxid and other poisons were contained in tobacco.
He stated that it is in a saturated condition that we find thromboangiitis obliterans in which there is a hypofunction of the poisoned
sympathetic nervous system and therefore a weakening of the sympathetically innervated glands : kidney , intestine, salivary and glands of the
air passages which eliminated these poisons .

The vasoconstricting effects of smoking on the peripheral blood
vessels have been demonstrated by thermocouple readings and capillary microscopy by various investigators .

Bruce , tvlille r and Hooke r,

(13) in 1909, believed there was probably a pe ripheral vasoconstricting effect from smoking tobacco and demonstrated this by noting the
volume changes in the hand .

Maddock and Coller (14) and others (15,

16) showed that peripheral vasoconstriction was produced as the result of active products absorbed by tobacco.

They observed a rise in

blood pressure, rise in pulse r ate and a fall in skin temperature
of the hand and toes while smoking, followed by a gradual rise in
skin temperature on cessation of smoking.

In certain individuals ,

Wright (17) had noticed a marked slowing and often stasis in the
capillary circulation at the nail fold during the smoking of a
single cigarette.

Howeve r, Maddock , Malcolm and Coller (18), in a

later article, noticed that cigarette smoking produced a decrease in
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the skin temperature of the fingers and toes and an increase in the
pulse in women with the same de gree as it did in men .

In the light

of the relation of tobacco smoking to Buerge r 1 s disease, this fact
offered no explanation as to why the disease shows the marked predilection f or men .

If smoking is the cause of thromoo-angiitis

obliterans, one would expect to see this disease appea r more frequently in women today because there is no doubt that they are smoking
more than did the past generation of their sex .
Barker (19) has shown that the eftect on the vascular system
of tobacco is apparently due to the absorbed portion of the tobacco
smoke and not to the smoke derived from the cigarette pape r .
?,iaddock and Coller ( 18) had shown experir:J.entally that nicotine
administrated intravenously, in amounts theoretically aosorbed in
the smoking of one or two cigarettes, produced approximatedly the
same decrease in the skin temperature and the same rise in the blood
pressure and pulse rates as was obtained on the smoking of one or
two cigarettes .

In further support of the theory that the nicotine

component is responsible for the peri phe ral vasoconstriction through
its effect on the sympathetic nervous systems, they (18) had shown
that the fall in the skin temperature failed to occur in a patient
with a peri pheral nerve blo ck and in a patient in whom a sympathetic 6 anglionectomy had previous ly been carried out .

The effect on

the heart rate and blood pressure were the same as those in normal
persons .
Johnson and Short (20) think that the main action of smoking is
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a brief stim~l ~tion of the sympathetic ganglions oy nicotine , but
the rise in blood pressure is by visceral and later peripheral vasoconstriction resulting from stimul ation of the adrenal glands through
the sympathetic system.

This is comparable to the rise in blood

sugar on smoking as noticed by Haggard and Greenberg (21) which they
attri outed to an increase rate of discharge of epinephrine resulting
from stimulation of the sympathetic ganglions.
The problem of tobacco allergy as a cause of thrombo-angiitis
obliterans has been the subject of several controversial reports.
Harkavy and Romanoff (22) and Harkavy

(2,)

had shown a striking

large number of positive skin tests to tobacco in cases of thromboangiitis obliterans, 69% compared with a normal 11%.
·to indicate that tobacco is a dominating allergen.

This would seem
In 200 controls,

Harkavy (24) had shown that no reaction to tobacco pollen or seed
occurred without a concomittant reaction to ragweed or timothy
pollen .

This would seem to indicate that the positive reactions in

the normal persons may be an expression of a generalized allergic
response.

In contrast, in patients with thrombo-angiitis obliterans,

he found that reactions to tobacco occurred six times more often as
skin reactions to ragweed or timothy .
Sulzberger (25) confirmed Harkavy reports.

However, Westcott

and Wright (26) stated that patients with thrombo-angiitis obliterans
did not show a higher incidence of positive skin reactions than a
control group , and that the high incidence of positive skin reactions
reported by the other investigators is considered due to some of' the
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many nonspecific reactions from chemical irritation and that thromboangiitis is not caused by an allergic type of tobacco hypersensitiveness.

Other contradictory reports to tobacco allergy as the

cause of thrombo-angiitis obliterans have been cited by Chobot (27)
who saw many positive skin reactions to tobacco in allergic children
who have never smoked, and by Maddock, Malcolm and Coller (18) who
found no consistent difference in the skin temperature, blood pressure
and pulse rate in individuals who showed skin sensitivity to tobacco
and those who did not .
Experimentally, Friedlander, Silbert and Lasky (28) had shown
that an extract of coL'.l!'.'.l~rcially denicotinized cigarettes in Ringer's
solution injected intraperitoneally into male albino rats may cause
gangrene .

The fact that a gangrenous process could be produced only

in the male is interesting in connection with the almost exclusive
occurrence of thrombo-angiitis obliterans in men .
The evaluation of the factor of tobacco smoking is further
complicated by the fact that thrombo-angiitis obliterans is a rather
rare disease and that many men are heavy cigarette smokers.

Barker

(19) concludes that at present there is insufficient data to indict
tobacco or cigarette smoking as the primary cause, but there is no
doubt that it augments symptoms and hastens pathologic changes .
Silbert (10) stated, that though it is not the sole cause of the
disease, it is an additional underlying factor,

11

A predisposition

to vascular disease or a special susceptibility to the effect to
tobacco poisoning is present in patients who develop the disease" .
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Thus it appears that tobacco smoking is not the primary etiological factor.

However, there is evidence to show that it may be

an important contributing factor.

SEX
The almost exclusive occurrence of the disease in men is a
curious and provocative fact .

The infrequency of the disease in

the female has been noted by all observers.

Buerger (1) made the

clinical diagnosis of this condition three times in all his series
of patients .
of 120 cases.

Koyano (29) reported a case in a woman from a series
In 1925, Meleney and Miller (30) observed a case in

a Chinese woman.

Telford and Stopford in 1927, (31) reported two

cases in females.
In 1932, Horton and Brown (32) presented at that time, ten
additional cases from a series of 700 cases of thrombo-angiitis
obliterans observed at the Mayo clinic.

In their article, they

stated that they believed two cases described by Buerger and
the case reported by Meleney and Miller are acceptable to be diagnosed as thrombo-angiitis obliterans, and that the others did not,
in their opinion, fulfill the miminal requirements for diagnosis
of this condition.
In 1935 Silbert (33) described 2 cases, both in Jewesses,
Herrel and Allen

(34)

occurring in a woman.

in 1936 added another case of this disease
This was the first case observed at the

Mayo Clinic since the report of Horton and Brown (32).
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During

this interval from

1932--1936, 350 cases of thrombo-angiitis were

observed.
In addition to the above cited cases, recent single cases have
been reported by Elliot

(35), Van Dellen and Wright (36), Millman

(37) and Robinson (38). Wilensky and Collene (39) reported the
disease in sisters.
The reason that thrombo-ang iitis rarely affects women is
obscure.

In view of what is known about the relationship of smoking

to the disease, it is not easy to assume that the smaller incidence
of this vascular disease among women is due to the fact that fewer
women are smokers.

It appears, therefore , that tobacco smoking does

not explain the diff erential sex incidence of this disease.
Worthy of note in an attempt to explain the diff erence in
incidence of thrombo-angiitis in the sexes, is the e xperimental work
of McGrath (40) (41).

Female rats were poisoned with ergotamine

tartrate until gangrene of the tails occurred.

If theelin was in-

jected into these animals, the same amount of ergotamine did not
cause gangrene.
induced gangrene.

Theelin did not protect the male rats from the
However, it delayed its onset.

Thie suggests

the possibility that the failure of thrombo-angiitis obliterane to
manifest itself in the female may be associ ated to a protective action of the eetrogenic substance in the internal secretion of the
ovary.
Friedlander and his co-workers
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(28) have shown experimentally

that a gangrenous process could only be produced in the male .
used an extract of commercially denicotinized cigarettes .

They

There

results are of interest in connection with the almost exclusive
occurrence of thrombo-angiitis obliterans in men .
Horton and Brown (;2) stated that the difference in sex could
be related to some focus of infection peculiar to men.

They called

attention to the possibility of the prostate or the seminal vesicles
as fulfilling this role.

Their studies have shown in about

60%

of

their thrombo-angiitis obliterans cases, prostatitis had been present.
However, no direct casual relationship could be proven between this
focus and the disease .

They also stated that there is a possibility

that women may have the disease in a milder form, and that it is
overlooked because of the failure to develop gangrene or its serious
sequelae .
The difference in the occupations of the two sexes is suggestive
as a possible explanation of the disease occurring most frequently
in the male

(9).

The work of the male requires greater use of the

extremities, and he is more exposed to excessive changes of weather,
particularly cold weather .

However, all types of occupations are

represented in cases of this disease so that it appears that this
factor does not explain the sex difference as found in this disease.

RACE, BIRTHPLACE AND HEREDITARY FACTORS
This disease was considered at one time to occur exclusively
among Russian Jews .

Buerger (1), Meyer (12) (42) and Perla (5)

contended that this disease rarely affected people other than those
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of Hebrew stock, and Meyer (42) believed all patients with thromboangiitia obliterans had migrated from a narrow belt of land stretching r rom the Black to the Baltic Seas.
However, later reports revealed that this disease is much more
widespread.

It has been reported among the Swedes

(4)), yellow race

(,o) (29), Turks (44), in full blooded Negroes (45), and in the
Siamese ( 46).
Jablons

(4), in a series of 200 cases, showed that 6)% of his

patients gave histories of having been born in Russia, 10% born in
the U.

s. ,

4% in Hungary, 6% in Poland including

10% in Austria,

Galicia and the remaining

7%

divided between France , Rurnania,

Germany, Greece, Armenia and Finland.

Allen, Brown and Mahorner (9)

had observed in their series of cases at the M.ayo Clinic that slightly
more than 50% of the patients were Hebrews, thus indicating a definite
predominance of thrombo-angiitis obliterans among Hebrews, particularly those of Polish, Bohemia, Austrian and Russian stock

(9).

It is probable that the racial element depends largely on the
clientele and geographic distribution of the physicians who are
interested in this disease.

The Hebrew element is more marked in

the eastern cities, and there is a greater number of cases reported
from that section, especially from the Mt. Sinai Clinic in New York
City.

A decreasing frequ ency of this disease among Hebrews and an

increasing frequency among gentiles are reported from the Mayo Clinic
whose patients come from the Midwest and Western States where the
Jewish Population is relatively small
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(9).

Evidence that there is a constitutional factor in thromboangiitis obliterans is still meagre.

Although in recent years ,

the racial element has become less apparent, the greater predominance of the disease in Hebrews is striking.

Even at this

time, in proportion to the population, the incidence of this
disease in Hebrews is much greater than any other nationality and
such a racial predominance would appear to indicate a hereditary
constitutional factor.

Silbert

(35)

stated that the disease occurs

in brothers with a frequency which is slightly more than one would
expect as being true coincidence.
brothers eight times.

He had observed the disease in

However, in an attempt to study the question

of inheritance of a constitution factor, he ha d come to the conclusion
that heredity seems to play no great part in the production of this
disease.

INFECTION
iost students of thrombo-angiitis obliterans have been impressed
by the probability that bacteria or their toxins were important etiological factors in the genesis of this disease.

This premis e has

been based largely on the findings of evidence of inflammation in the
vessels of the extremities of patients with the disease.
In

1914,

Buerger

(47)

stated that thrombo-angiitis is a disease

in which the histological evidence points to the existence of an infectious process.

With this in mind, he conducted researches, but

with little success in isolating some organism.
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However, he did succeed

in producing a vas cular lesion by inoculating the superficial normal
veins of patients with thrombo-angiitis oblite rans with material
from acutely inflamed superficial veins ·(48) .
Rabinowitz

(49) claimed to have found an organism in the blood

of patients with t hrombo-angiitis obliterans and to have produced
the same lesions in rabbits .

He described the organism as a gram

negative, aerobic, faculative anaeorbic, freely motile bacillus of
medium size, beaded, bipolar in ap pearance and containing metachromatic granules .

This work was not confi r med .

(4)

Horton and Dorsey (50) observed inflamed arteries obtained at
biopsy and at amputations of extremities in 34 cases of thromboangiitis obliterans .

They obtained gram positive pleomorphic strept-

ococc i in pure cultures in nine cases, and green producing streptococci in two cases.

They injected ' these

organisms in rabbits and

found that the pathol ~gic lesions observed in the vessels of these
rabbits appeared to be identical with patients who had the disease .
In one ra obit they produced trophic changes and dry gangrene in the
toes of t he hind feet .
Schmidt-Weyland (51) found that intervenous injections of
streptococci of high virulence and other organisms produced gangrene in the ears of rabbits provided 0 . 5 c . c . of 1/1000 solution of
epinephrine chloride was injected near the base of the rabbit 1 s
ear .

Control experiments did not produce any lesions .

This would

seem to indicate that vasoconstriction resulting from tobacco smoking
may prepare the field for transmissable agents which produce the
lesions.
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Allen and Lauderdale (52) reported a case of accidental trans-

mis sion from man to man.

A surgeon who pricked his finger with a

spicule of bone when amputating a leg in a case, subsequently develo ped characheristic lesions in the digital arteries of the injured
hand.

This case of accidental transmission is presented because it

supports the thesis that a living virulent agent may be the cause of
the vascular lesion.
Goodman et al. believed that latent typhus fever was the etiological factor responsible for this disease.

He noted that thrombo-

angiitis obliterans was more prevalent in those countries where
typhus fever is endemic, as in Russia, Austria and Japan.

In 1916

he (53) reported three positive serologi cal reactions in twenty one
cases.

Again in 1955, he (55) reported a higher percentage of

serological reactions to typhus and stated they were almost uniformally positive.

However , there is no proof t ~at typhus fever has a

casual rel ationship .

Lieleney and h. iller {JO) reporting from China,

where the incidence of typhus feve r is high, noted a history of this
disease in on ly two of twenty five patients who had thrombo-angiitis
obliterans.
The infreqent association of syphilis in pa~ients with
rluerger 1 s disease had been noted by many observers.

No spirochaetes

were demonstrated in the pathologic lesions by Buerger and Kaliski
(56), ~nd the compliment fixation tests were definitely negative.
Jablons

(4)

stated that SJ philis canoe safely ruled out as in

200 patients, only three cases gave a positive Wassermann .

Brown

et al. stated that the incidence of syphilis in this disease is
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probably no higher than would be found in similiar group of like age ,
sex and social status .

The above information supports the view that

syphilis as an etiological factor can be excluded.
Brown , Allen and t,ahorner (9) observed that in 75'/o of 88 cases
in which the teeth were examined roentgenographi cally , significant
periapical infection was noted .

In 80fo of the cases, the tonsils

were of varying size, most of them containing plugs or flu id pus .
In 52/o of 46 cases in which the prostate was examined prostatitis was
found .

Evans and Dumas (57) reported that the occurrence of dental

sepsis, infections of the nose and t h roat, prostatitis, tuberculosis,
typhoid fever and other chronic gastro-intestinal infections may be
a leading ±'actor in the occl:rrence of the disease .
Horton and Dorsey (50) injected ra ,bits with organisms obtained from extracted t onsils, secretions of the nasopharynx and prostate
from patients with t nrombo-angiitis obli ~erans, and faile d to produce a lesion .

drown et al . (9) also inoculated animals with cul-

tures from the prostatic secretions but thei r result s were negative.
Although a definite statement can not be made regarding the
significance of distant foci of infection in the casue of this dis ease, this evidence is at least suggestive (9) .
The evolution of the disease is usually that of a chronic
relapsing process involving the arteries, veins and possibly the
capil laries.

Alteration in body temperature, in the rate of the

pulse and in the number of leucocytes are absent or miminal .

This

is suprising since practically all other inflammatory lesi ons of
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the veins are associated with a mild systemic response.
to Brown and his co-workers

(9),

According

this does not refute the infectious

nature of the disease, since there may be interference of absorption due to the pathologic process.

They summerized the results on

the infectious nature of the disease and stated that while proof is
lacking there is much evidence to indicate that an infectious or
bacterial toxic substance is the etiological factor .

If the process

is infectious in origin, it is due to an infection of distinctly
low grade (9).

OCCUPATION
Jablons

(4)

stated that occupation is an important predisposing

factor in the production of the disease.
series

of 200 cases were mental workers.

Only

4%

of his entire

The rest were tailors,

pressers, salesmen, waiters, grocery clerks, chauffers, and brakemen .
They were engaged in an occupation which put an extensive strain on
the blood vessels of the extremities.

Many of them were engaged in

an occupation which exposed them to marked thermal changes,and 80{o
of them were engaged in occupations where exosure to cold and wet
was a frequent occurrence.

Brown et al. (9) reported that 80/o of

their patients were engaged in an active occupation, the remaining

20%

having a sedentary occupation such as teachers, rabbis, physi-

cians, lawyers, bankers and printers .

They stated that a control

group of an equal number of cases of like age, sex, and nationality
showed the same percentage in the active and sedentary group .
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This analysis would seem to eliminate occupation as an etio logical factor .

however, it may be a contributary factor when

the patients occupation exposes him to cold .

EXPOSURE TO COLD
Cold has a deleterious effect on patients with thrombo-angiitis
obliterans .

This is made clear by the vaaoconstrictive effect of

cold on an extremity in which the total minute volume flow of blood
is already markedly·lowered .

ln certain cases the vasomotor effects

of cold are profound, and marked grades of pallor and cyanosis are
easily induced by lowered environmental temperatures
Jablone

(9) .

(4) reported that at lea s t 10% of his series of 200

patients examined gave a history of having suffered a frost bite of
one or more extremities .

Moreover, 80-;1o of his patients were engaged

in a occupation where exposure to cold was frequent .

Brow~, Allen ,

and Mahorner stated that the first symptoms were noted in cold weather
in 71% of their aeries of cases , and they have noted symptomatic
improvement in some of their patients who have been sent to warm
climates with the specific object of avoiding cold .

AGE
The age of onset of thrombo-angi itis onliterans as given by
Perla (5) is from 20 to 45 years of age . Brown et al . (9) gave
the age of onset from 17 to 64 years of age with
the highest incidence from

,o to 50 years
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of age . Silbert (58)

re~orted that the greatest number of his cases appeared in the
fourth decade of life. Buerger (1) found the age of onset in his
large seri~s to range from 17 to 56 with the average of

52

years

of age. However, he stated that these figures are too high, since
it was very difficult to &151-Lablish the exact age at which the

...___

disease began because of the insidio~~~ye of the onset and
because of the fact that it is overlooked in many cases. Moreove,
Silbert (58) reported that with the occlusive process there arises
an extensive collateral and compensatory vascular network which
postpones the appearance of symptoms.
Cahill (59) reported an acute case of thrombo-angiitis
obliterane in a child 2 years old. Frauenthal (60) presented a
case of bilateral spontaneous gangrene of the hand in a boy aged
three, which was thought to be thrombo-angiitis obliterans. Brown
et al. (9) doubt the validity of these two reports.
From this study, it is seen that thrombo-angiitis obliterans
is a disease of young adults.

ERGOT
It is of interest to note that the Russian and Polish Jews are
in the habit of consuming rye bread or "pumpernickel 11

•

Roberson and

Ashley (61) had reported on the symptoms of ergotism found among
the Jewish people of ianchester as the result of eating rye bread.
Klein (62) stated that the condition of thrombo-angiitis obliterans
seemed in many respects similar and could be explained by grain intoxication due to fungi. Kaunitz (65) also concluded that the etiology,
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symptomatology and pathology of ergotism are to a great extent
simulated by thrombo-angiitis obliterans. Contradictory statements
regarding ergot as a factor in the etiology of this disease has
been presented by Goodman (55) who stated:

11

Surely this cause

could not be operative in China where the staple diet is millet
and rice, or in Japan where the population subsists on fish and
rice. Moreover, the study of the histories of his patients afforded no evidence that ergot might be an etiological factor. 11 Thus,
it appears that early opinions regarding the responsibility of
ergotism from rye bread have been disproved

(9).

OTHER REPORTED CAUSES
It is of interest to note a few of the many other possible
causes that have been advanced as the cause of this disease.
Rabinowitz

(64) presented the opinion that an impaired phospholipin

metabolism was responsible for the pathological and clinical picture and stated that a lowered lecithin to cephalin ratio and increase of cephalin in the plasma predisposed to intra vascular
clotting. 1>. cDougall and Crawford ( 65) described gassing as an etiological factor. Gray (66) was convinced that this condition is of
histamine or histamine-like origin

ente r ing the blood stream from

the gastro-intestinal tract. Other factors such as an endocrine
disturbance with a disturbed parathyroid gland (67) or suprarenal
gland (68), a high salt diet (45) have been advanced.
None of the theories advanced seem adequate to explain the

-21-

cause of the disease and the mechanism of its production. They are
presented only to show a few of the numerous possible etiological
factors that have been suggested .
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PATHOLOGY AND TLE GENERAL DIS1'Rli3UTI CN Or Th.E DISEASE

Buerger 1 s work has always contained a comprehensive study of
the pathological changes associated with this disease .

His views

have been acce pted by most writer s, a nd is therefore presented here .
GROSS PATHOLOGY

The deep vessels of the amputated legs regularly show an extensive

ob l iteration of the larger arteries and veins .

Besides

t h is , there are two other lesions wh i ch vary greatly in t hei r intensity , the periarte r itis and t he arter io sclerosis .

The a ppear -

ance of the vessels on gross section depends upon the age of the
occluding process .

Usua l ly the vessel is seen to be filled with a

grayish or yellowish mass that can be distinctly differentiated from
the annular wall of t he vessel , and t hat a ppears to be pierced at
one or a number of points by an extremely fine opening , through which
a minute drop of blood can be squee zed .

Such o bturating tissue is

firm in consistency , and does not all resenble t he crescentric or
semilunar occlud i ng masses typical of arterioscle r osis .

The vessel

itself is usually contracted, so that its wall appears somewhat
t h ickened .

This pi ct ur e is charac t eristic of arteries or veins which

are the seat of a very old obliterative process, and is t o be found
most frequently in t h e peripheral portions of the vessels, although
at times this t ype of lesion may extend t h roughout the whole length
of the vessel , from t h e dorsalis hallucis into the po pliteal a r tery .
As one traces certa in of the oblitera ted arteries or veins
upward , one is apt to meet with a change i n the character of the
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obturating tissue.

Frequently it becomes softer, more brownish in

color, and terminates abruptly in the lumen of an apparently normal
vessel; at other times the brownish tissue gives way to soft reddish
masses which are evidently the result of recent thrombosis.

In some

cases this thrombotic process occupies large portions of the vessel's
course; in others, it is of short extent and terminates in a long
cone of recent thrombus.
The veins share equally with the arteries in the lesion of
occlusion.

In some cases the veins are more extensively involved

than the arteries, and this is particularly true of the collaterals
of the posterior tibial, which are often closed when the anterior
tibial veins are open.

As for the arteri ~s, one usually finds an

obliteration of a part or the whole of the anterior tibial, dorsalis
pedis , and dorsalis hallicis , an occlusion of the posterior tioial
and plantar vessels, with or without involvement of the peroneal.
Sometimes the anterior tibial is practically normal in its upper
half or upper two t n irds.

foore rarely a large portion of the dorsal-

is pedis is open, with the beginning of the occlusion in the upper
part of this vessel or in the lower part of the anterior tibial.
Besides the lesion of occlusion there are two other striking
changes, namely, a certain amount of arteriosclerotic thickening and
periarteritis.

Arteriosclerosis is absent in the younger cases;

1vhen present, it is never pronounced , except in those rare instances
in which the patient has suffered from the disease for many years ,
and has reached the age of forty or more .

As a rule, one notes

but a very slight degree of whitening or thickening of the intima,
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occlusive thrombosis. Thie obturating connective tissue usually
harbors numerous small vessels, pigment containing hemosid erin,
and a fair amount of connective tissue cells. The canalizing
vessels, when they become dilated, form smaller or larger sinuses,
giving the feneetrated or cribriform lesion seen or microscopic
section of the vessels, or when the canalizing vessing becomes
eccentrically placed and sufficiently large, this sinus is responsible for the appearances which have been incorrectly interpreted
as the product of an endarteritis obliterane.
Elastic tissue stains demonstrate characteristic differences
betwe en this process and arteriosclerosis. Thus, the region of the
organized clot is almost completely free from elastic tissue.

The

small amount which is present is concentrically disposed about the
new-formed vessels.
The termination of the occluding tissue in arteries and veins
is often seen in the form of a rounded, convex projection looking
upward (cephalad), and lying in practically healthy vessel wall. At
other times, the old occluding tissue is capped by an additional
clot which rises in pyramical fashion ending by a long tapering
extremity.

2. THE ACUTE OR SPECIFIC LESION
The early lesions are so characteristic hietologically
that t heir appearances are practically specific f'or thromboangiitis obliterane, and may permit the pathologist to make a diagnosis of the disease. They are rarely to be seen in the deep vessels,
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here and there, in the patent portions of the vessels. In a very
few cases small atheromatous patches are present.
A much more interesting and more important change is the

fibrotic thickening of tissues immediately about the vessels.
Wherever the vessels are occluded, there is apt to be an agglutinative process which binds together the artery and its collateral
veins, and sometimes also the accompanying nerve, so that liberation
of the individual vessels by dissection is difficult. The adhesive
condition is due to fibrotic tissue growth, and varies considerably
in Lts amount . The periarterial fibrosis varies, sometimes being
almost absent, at other times so g reat, that isolation of the vessels
or nerves becomes impossible and the vascular structures make up one
dense ri gid cord.

I

HISTO-PATHOLOOY
The lesions may be considered in two stages, first, the healed
or organized stage, and second, the acute or incipient stage of
thrombosis . Between the earliest alterations in the deep arteries
and veins, and superficial veins, and the finished product, there
are a large number of intermed.iate pictures that illustrate the
·metamorphosis of the obturating clot into t.¾e intravascular cicatrix.

1 . Hii:ALED OR ORGANIZED STAGE
The most common lesion is a total obliteration of the lurnina
of arteries and veins by connective tissue. h istologically, this may
be extremely varied in the gene ral appearance, but each picture can
be interpreted correctly as hav ing its origin in the lesion of
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for the reason that patients do not allow amputation until the
disease has lasted for months or years. However, they can be well
studied when t!"lese are the seat of the typical migrating phlebitis ,
and .r,ave been shown by 3uerger to be identical with the acute
lesions in t he deep vessels.
The earliest change s appear to be the usual evidences of an
acute inflammatory process involving all the coats of the vessels.
The media, adventitia and perivascular tissues are infiltrated with
polynuclear leukocytes and the lumen of t h e vesser is completely
filled with red clot. In t he peripheral portions of the clot, larger
or smaller foci of leukocytes (purulent foci) begin to form , whose
growth occurs by virtue of immigration of leukocytes. Certain
peculiar giant cell foci develop, which are characteristic. They
contain gi ant cells, endothelioid or angioblasts and numer ous brokendown leukocytes . These foci then undergo connective tissue replacement . The giant cells gradually disappear, numerous small vessels
are formed, the final product being a fibrous nodule containing
vessels and some pigment . In the rest of the occluding clot, the
organizing process is somewhat diffe re nt, resembling that which
characterizes the organization of blood cl ot in other thromboses.
In short, the lesions in thrombo-angi itis obliterans are in
chronological order, an acute inflammatory les_ion with occlusive
thrombosis , the formation of miliary giant cell foci, the stage of
organization or healing, with the disap pearance of the inflammatory
products, and the development of fibrotic tissue in the adventitia
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that binds together the artery, veins and nerves .
Still more suggestive and instructive is the finding of various
stages of the disease in different members of the same vessel sheath.
Thus, a large artery affords a view of the old lesion, as well as
one of its venae comites. Another accompanying vein, however, is in
the "acute" stage of the disease, a smaller venule or satellite
being in the intermediary stage, where certain

11

miliary giant cell

foci 11 make their appearance . Such pictures not only reveal the
thrombotic nature of the disease, but also present an argument in
favor of the following: that the disease begins with an inflammatory
lesion attended with occlusive thrombosis, and that it affects the
arteries and veins in a sort of relapsing fashion, very much in the
same manner as in the veins in migrating phlebitis.
Buerger , in his text, presents still further a more comprehensive account than is needful for the clinicians. However, the

essential alterations have been presented .
There has been some discussion as to the part acute inflammation
plays in the pathogenesis of this disease .

Buerger (1) described

acute inflammation of the vessel with thrombosis as the initial
lesion in the disease.
pathologically

Perla (5) stated that he had not observed

the acute thrombo-phlebitis showing purul ent foci of

polymorpho -nuclear leukocytes with giant cells in the peripheral
portion of the thrombus. Telford and Stopford (69) stated that they
had only occasionally seen the collection of cells to which Buerge r
had directed much attention. arown et al.(9) stated that although
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acute inflammation sometimes occurs in the vessels in thromboangiitis obliterans, this is probably not the fundamental process
in the disease. According to them, it is a far step to conclude,
since sometimes acute inflammation is found, that the initial lesion
is invariably of this character. In cases of thrombo-angiitis obliterans seen by them, microscopic examination of a vein manifesting
clinically acute phlebitis at the time of the biopsy, revealed that
the process is not purely acute. There may be numerous polymorphonuclear leukocytes in the wall of the vessel and in the occluding
thrombus, but they have also seen lymphocytes and fibroblasts.
Whereas this picture alone would not indicate that the process is
a chronic one with the acute inflammation superimposed, the finding
of lymphocytes in the adventitia of vessles without a thrombus and
without infiltrating polymorpho-nuclear leukocytes strongly suggested
to them that the chronic changes precede the acute. They stated (9)
that evidence of acute inflammation is rare and there is always some
evidence of chronic inflammation in the same vessel.
According to Brown et al.

(9), the earliest changes are the

appearance of lymphocytes in the adventitia and thickening of the
intima from proliferation of its cells. There is often an increase
in the elasti..c tissue of the intima. This is their first stage of
the disease which merges into the second, which is characterized by
thrombosis and complete occlusion of the lumen of the vessel.
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THE GENERAL DISTRIBUTION OF THE DISEASE
Although it is usually believed that only the lower extremities
are involved by the pathologic changes characteristic of this disease,
emphasis should be placed upon the frequency of the involvement of
the upper extremities. Allen and Brown (70) stated that in forty
patients with definite involvement of the lower extremities, twentyfour

(60%)

showed on careful examination either complete or partial

closure of the ulnar or radial artery. Constam (71) reported four
cases of this disease occurring in the upper extremities with no
evident involvement of the lower extremities. In a series of 389
cases, Brown (72) stated that the arteries of the leg were involved
in

74%

of the cases, the arteries of the leg and hand in 24%, and

the arteries of the arm alone in

2% .

\Vhy the vessels of the extremities are more involved than other
vessels in the body is unknown. It may be surmised that the great
vascular demands made on these vessels, the static condition, the
exposure to cold, frequent thermic changes as well as frequent mild
traumas in which the extremities are subjected to, are all important
contributory factors (73).
Since the establishment of thrombo-angiitis obliterans as a
clinical and pathological entity, the disease has been regarded until
recent years as one involving only the vessels of the extremities,
and more especially the lowers. That such a restriction is artificial
and erroneous has become the growing impression of many observers
who have been of the opinion that the disease is widespread in its
distribution.
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3ue r ger (1) discussed the possible general aspects of the
disease stating that little was known regarding the participation
of arteries other than those of the extremities in the characteristic process. He quoted four cases of t.~e disease involving systems
distant from the original proved th rombo-angiitis obliterans of the
extremities , and found coronary arteriosclerosis in one, extensive
atherosclerosis with bland thrombosis in the aorta, celiac a xis, and
superior mesenterio artery in the second, exitus of the patient with
cerebral symptoms in the third, and thrombosis of the abdominal aorta
in the fourth. He had previously observed the

11

old type" of occlusion

in the spermatic artery and stated in his book,published in
that he had just recently seen the typical

11

1924 (1),

acute lesion" in the

s pe rmatic vessel.
Baron and Linenthal

(74), in 1929, called attention to 11 the

more general distribution of the disease in contradistinction to
what has previously been believed concerning it. That it is a disease involving the blood vessels of the extremities exclusively."
They

(74) believed the disease attacks the walls of the vessels

throughout the entire vascular system, giving signs and symptoms
characteristic of the regional vessels and organs involved. They,
Barron and Linenthal, made a study of 34 cases,

27 of their own

and seven from the literature, with thrombo -angiitis of the extremities. rhey observed episodes suggesting the involvement of the
cerebral , coronary and other vessels. In view of the young age
group in these cases, it was felt that thrombo-angiitis obliterans
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was a gene ral disease with the involvement in these distant loci,
and that arteriosclerosis, when present, was superimposed. However,
in this group only four autopsies are quoted, these showing changes
sugge·sti ve of the disease.
r..eJer (75), Allen and Willius (76), Lewis (77), r..cGrego r and

Simson (78) and others all quoted cases of thrombo-angiitis with
cerebral, coronary, spermatic and other episodes suggestive of
extension of the priwary process .
Livingston (79) was impressed by the frequency with which
patients v1ho have had a

II

stroke 11 or coronary attack complained of

intermittent claudication and night cramps of the legs. He stated,
11

1 am beginning to feel that the clinical entity we have been calling

:3uerger's disease is not an entity at all 11

•

That there probably are a variety of causes, functional and
pathological, for an obliterating arterial process which may attack
the terminal arborization of arteries anywhere in the body, has been
stressed by Cohen and Barron (80) . They stated that it would seem as
though histopathological proof of the widespread nature of the disease was sadly lacking in the literature, and that o ore autopsy
material was highly essential for enlighterunent as to the true nature
of the widespread pathological picture. They stress the fact of the
preponderance of purely presumptive case reports appearing in the
literature, and explain the paucity of autopsies to a number of
factors : first, to the chronic nature of the disease lending itself
to numerous hospital admissions with eventual self-restriction to
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home care and exitus away from the hospital; secondly, to the temporary arrest of the disease, often by amputation leading to eventual
exitus from causes other than thrombo-angiitis obliter.ans, again away
from the hospital; and thirdly, to the orthodox Jew's aversion to
post-mortem examination.
Lemann (81) quoted but 6 autopsies on thrombo-angiitis obliterans
through 19g8. Four of them were by Buer ger (1), as quoted previously,
and one by Perla (5). Lemann added the sixth autopsy to the above
list. In 1934 Sprunt (82) found 18 reported cases of thrombo-angiitis
obliterans with autopsies. He presented a careful analysis of the
sites of involvement, age, duration of symptoms and other vital
statistics revealing, as a whole, that there exists in t hese cases a
general vascular disease, terminating in most cases with the usual
vascular accidents one associates with arteriosclerosis and hyper~
tension.
Averbuch and Silbert (83), in a very thorough treatise on the
cause of death in thrombo-angiitis obliterans, were able to detail
the histo-pathological background in a large series of cases. Of 45
cases of proved thrombo-angiitis obliterans of the extremities who
died, 12 ( or 21%) died of intercurrent non-vascular disease4

41%

succumbed to visceral vascular accidents; the remainder died of
asthenia and operative intervention. Of these forty-five : cases, 19
came to autopsy, three of them being cases of Bue rger 1 s. Of these,
only one case presented distal lesions typical of thrombo-angiitis
obliterans as in the extremities,while 11 (or 58%) had occlusive
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non-typical visceral process. They

(85)

pointed out that the solution

to this problem probably lies in the pathological criteria. Only in
the acute stage of the disease, when all the arterial layers are
involved in the inflammatory process, infiltrated with polymorphonuclear leukocytes

with purulent foci, giant cells and red thrombioc

masses occluding the vessels, can the patho logical diagnosis be
made . Buerger (1) stated that such a lesion was uncommon in the deep
vessels of the extremity, and this point has brought controversial
evidence as discussed previously . It is then very unlikely that one
should find such a lesion in the unaccessible and relatively less
frequent involved internal organs

(85).

The problem of correctly

interpreting these pathologic pictures is made more difficult by
reason of the fact that the arteries involved in any process become
the sites of marked secondary arteriosclerotic changes, which often
overshadow and obscure the characteristic lesion of other diseases.
Averbuch and Silbert further pointed out that the "presence of
thrombo-angiitis obliterans predis poses the patient to abnormal
thrombotic tendency, or to early degenerative general vascular
changes, or these patients possess a constitutional inferiority of
the entire vascular system which displays local variation, making for
a variable clinical and histo-pathological picture 11

•

Buerger (1) had also noted that such material at his disposal
had failed to

define changes entirely characteristic of the disease

in these distant places . He pointed out that arterial channels
affected by thrombo-angiitis obliterans are inherently disposed to
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to atherosclerotic changes, as well as proven oy autospy material
and amputated limbs .

Study of' the latter, especially at secondary

or reamputation, had disclosed - only a few months after the first
operation - marked atherosclerotic changes not present earlier and
displacing the typical lesion found previously .
Graves (84) in a concise account of the histo-pathology of the
disease stated that in thrombo-angiitis, when the lesion had existed
for many years , a secondary t hickening of the intima takes place
with corresponding proliferation of elastic fibers that must not be
confused with the arteriosclerotic process.

The latter, he stated,

is often associated with thrombo-angiitis obliterans and one finds
atherosclerotic plaques in which the elastic fibers are arranged
more or less paralled with the internal elastic lamina.

Evidently,

in these cases, a predisposition to vascular disease manifests itself both in a susceptibility to thrombotic lesion as well as to
degenerative changes ( 84) .
Autopsy findings according to Cohen and Barron (80)
showed that in thrombo-angiitie obliterans, the more centrally
situated arteries develop a tendency to arteriosclerotic lesions
even though the arteries of the extremities show little sclerosis.
One may thus find arteriosclerosis, thrombo-a.ngiitis oblitera.ns,
or both, in those centrally located.

The histological differentiation

of thrombo-angiitis and arteriosclerosis in the e xtremities rest on
the involvement of nerves, and veins, and the relatively spaced
interval elastic layers in the artery, typical of the former
process .

In the other organs of the body, one usually encounters
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the non specific thrombosis typical of many types of occlusive
vascular disease.
In trying to explain the changes in the visceral arteries
in persons who have thrombo-angiitis obliterans, Hines and Fatherre
(85) stated that the entire vascular in thrombo-angiitis obliterans
may withstand strain poorly and thus predisposed the subject to
the premature occurrence of arteriosclerosis .

They also give

another alternative explanation stating that it is possible that
the pathologic nature of the lesions varies according to the
location. in the body of the involved artery.

However, according

to them, if one assumes an infectious or virus agent as the cause
of this disease, as most do, it would be difficult to explain the
widely varying vascular pathological changes with occurrence in
different location in the same individual.
Recent articles emphasising the generalized distribution of
the disease have reported the involvement of the retinal vessels

(86),

and pulmonary arteries

(87).

Birnbaun et al.

(88)

reported

their unusual case of generalized vascular disease, probably early
thrombo-angiitis obliterans in which there was i nvolvement of the
cerebral, retinal, pulmonary, coronary, mesenteric, suprarenal, pancreatic, duodenal, hepatic, renal, prostatic vessels, and of the
extremities.
The conception that thrombo-angiitis obliterans as a
generalized vascular disease seems to be accepted by many observers.
The frequency with which extra peripheral vascular lesions occur in
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individuals with thrombo-angiitis obliterans is strongly in favor
of it being a generalized vascular disturbance .

It is of gr eat

clinical and pathological importance to realize this conception .

-,7-

CLINICAL COURSE AND SYMPTOlviS

It is not within the scope of this review to describe the
detail symptomatology, clinical signs, and clinical types of
thrombo-angiitis obliterans.

However, a description of the

clinical course and symptoms of this disease as written by Brown,
All en, and M.ahorne r (9) whose monograph of this disease present
a detail consideration of this subject.
Approximately

75%

of the cases of thrombo-angiitis obliterans

follow a fairly uniform clinical course which can be divided into
several stages.

The first is the period of claudication, due to

anoxemia, which manifests itself symptomatically by abnormal and
excessive fatigue or pain following exercise.

This is followed by

or associated with postural color changes, that is rubor with
dependency and pallor with elevation .

A new type of pain, more or less

definitely localized in the peripheral areas , then may occur when the
patient is at rest.
claudication.

This is entirely distinct from the pain of

The next stage is signalized by the presence of

frank trophic tissue changes such as ulcers, fissures, nonhealing
incisions or frank gangrene, associated with severe and continuous
pain .

The total time of development for all of the foregoing stages

varies from one to ten years averaging rough ly five years .

The

remaining 25% of the cases present many diverse and atypical forms .

E,{CESSIVE FATIGUE:

THE PAIN Or CLAUDICATION

The most common clinical syndrome is that occurring in the
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lower extremities of men between the ages of thirty and forty five .

The earliest symptom is usually excessive unilateral or

bilateral fatigue ·of the muscles of the calves, the arch , ankles ,
, or under the knee, associated with cold feet and followed by
claudication with pain in these areas, which may be associated with
pallor, coldness or numbness and ting ling .

This is manifested early

by mild aching a1ter prolonged use of the extremities, such as
dancing, but soon ~ecomes a true cramping pa in occurring during
ordinary exercise .

Gradually the amount of exercise necessar y to

produce the pain is diminished so that it occurs after walking,
±or instance, five squares, then proc:;ressively after walking four,
three, two or even one square.

After a period of rest, either

sitting or standin6 , the patient is able to walk until again halted
oy the dist ress of claudication.

As the obliterative process

progresses the rest periods, of necessity, uecoroe longer and the
walking periods shorter .
In a smaller percentage of cases other disturbances are the
first evidence of arterial disease , such as cold feet, sudden
arterial occlusion, vasoootor distur hanc~, recurrent supe rficial
phlebit is or indolent ulcers following trauma .

OSTURAL COLOR CHANGES
Excessive rubor of the extremit.ies when they are in the dependent pos ition may occur at any time in the sequence of e vent s but
usually occurs soon after the pain of claudicati on is established .
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In the earliest stages it occurs only in the tips of the toes and
is uut a slight exagger0tion of the normal reaction.

Gradually it

beco~es more extensive, involving progressively the toes and the
distal and pro ximal halves of the foot .

The color deepens from a

deep pink to an extreJ.,..e red, sli 6htly cyanotic, and fully developed
is wost intense in the toes and distal half of the foot, gradually
shading to nor:1.tal above the ankle .

Excessive pallor of the

extr.;..D.ities with elevation and excessive rubor with dependency
develop at the same stage of the disease .

The pallor may be patchy

and spotted or involve only single digits .

TROPHIC C.t.ANGES
In cases of long duration, excessive calluses over the weight
bearing areas or

11

corns 11 or. R!'ea.s subjected to trauma or friction

are almost invarlably pres,mt .
absent .

In cases of short duration they are

!.. ajor trophic chan 6es, such as nonhealing incisions , shallow

ulcers, or dry gangrene, usually occur after the pain of claudication
and postural color changes have appeared .

They are initiated by

sur 6 ical intervention in 551~ of the cases, by other trauma in 50'/o and
occur without' known cause in

55%.

Other excitants are falling objects

such as boards or tools, the wearing of !"ew shoes, the application
of corn plasters , or Jlistering ointment .

It is probable that even

when the trophic changes seem to be spontaneous, minor trauma has
actually precipitated them .
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REST PAIN
Pain while the patient is at rest is extremely variable as
regards type and severity, but remarkably constant as to site.
In

70%

of the cases rest pain, usually mild, was present before

obvious trophic changes occurred; it is greatly accentuated by
these changes.

Typically severe rest pain of thrombo-angiitis

obliterans occurs almost exclusively in the digits, but occassionally
in the dorsum of the foot or the ankle .

After major trophic

changes supervene it is usually limited to the ulcerated or
gangrenous area~

Early in the disease there is constant deep-

seated soreness or aching, or a sensation of burning , numbness,
or coldness.

Infrequently it is intermittent or sharp .

When

postural color changes occur , the pain is commonly accentuated
to a slight degree although there is no definite change in the
type .

Gangrene or severe trophic change usually but not always

marks the occurrence of severe pain .
by

.

Partial relief is obtained

the dependent position and the application of heat , but elevation

and cold increase the severity; frequently for weeks or months the
patients sleep with the feet hanging over the edge of the bed or
crossed in tailor fashion .

In extreme cases sleep becomes impossible

as the pain increases .

SUPERFICIAL PHLEBITIS
Superficial phlebitis occurred irregular l y in the course of 42%
of the cases of Bro~~ et al .
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It is rare in the upper extremit i es.

The most common site is the main trunk of the internal sa~henous
vein below the knee but the branches may be affected, especially
over the dorsum and lateral aspects of the foot and leg.

The

clinical evidence of inflammation in any region varies from one
to four weeks, but it may progressively involve more of the vein
for as long as six weeks .

As the acute inflammation subsides the

residual thrombosed vein appears on palpation as a hard cord which
pe rsists for long periods.

Occassionally, instead of' linear involve -

ment, the same process may be seen as tender red circular areas.
These probably indicate localization of the inflammation at the
site of the valves .

After a variable pe riod following the dis-

appearance of the acute lesion in one area the lesion may occur in
another area.

Tenderness to pressure, redness and increased heat

and mild soreness which is made worse by motion are characteristic
of the acute stage.

Occassionally local symptoms are aosent.

There is absence oi systemic reactions such as tachycardia, feve r
and leukocytosis.

According to Perlow (90), this finding is considered

pathogno~onic of the disease.

EDEMA

Edema is co:nnon in the legs and feet , particularly when the
clinical course is rapid ·md the rest I)8.in severe.

It nay )e the

first evidence of vascular disease and has a two-fold basis;
oostruction of the deep veins, and prolonbed dependent postu re .

Edema

occurring early in the course of the disease , before the patient has
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hung the leg over the edge of the bed fo r long periods , is due
to thrombophlebitis of the deep veins .

In the leter sta;es of the

disease , when the lir:..b has been kept in the dependent position
for a long time , there is the factor of posture as an additional
cause of the edeu.a .

In this event , it disappears in a very short

time with elevation .

t::dema is of serious import in the presen ce

of major trophic changes, or gangrene of the moist type.

VASOi,iOTOR DISTURcANCES

Vasomotor disturbances occur at any time in the course of the
disease in approxi?:1ately 3o{o of all cases , often being so warked as
to mask the prinary disease .

Occasionally these disturbances are

the first evidence o~ t~rombo - an6 iitis obliterans but more frequently
they occur sii..,ul taneously with other evidence of arterial occlusion .
Rarely they occur late in the course of the disease .

The region

affected varies, even in the same patient , but usually one or two
digits on the same extremity are involved.
affected than the feet.

The hands are more commonly

Almost invariably the preci pitating cause

of these disturbances is lowering of the external temperature .

The

lliost striking change is compla:.e pallor , producing the so called
dead fingers .
nay occur .

Less striking are minor gr ades of pallo r; even cyanosis

The distribution of these changes is not constant; the

digit may be involved in its entirity or only in part; one or
several digits may be involved .

Rarely is the disturbance symmetric.

Recovery of its previous color can be induced by massage or heat .
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The symptoms accompanying the color changes are mino r.

Numbness

and dull aching distress occur during the stage of pallor .
and tingling are common during recovery.

Burning

Severe grades of pain do

not occur during this vasomotor disturbance .

GANGRZNE
As the condition advances part of the extremity finally becomes cyanotic and gangrenous, first the toes and then the feet ,
the gangrene being of the dry or mummifying sort .

Very, often as

the gangrenous part becomes demarcated and is finally amputated
the appearance of the other toes improves .

Further attacks some-

times follow , by which the other toes are lost .
severe.

Pain be comes

It will perhaps have a burning , agonizing quality, and

with it will go a high degree of hypersensitiveness .

No one must

touch or move the patient's toes, but he will sit in bed gent ly
kneading his foot between his two hands .

Such a state may last

for months , the appearance of the extremity remaining unchanged .
In the most serious case, more than one toe, even a part of the
foot, is apt to become necroti c

(89).

Perlow (90) stated that although in about 30% of the cases
there is an involvement of the vessels of the upper extremity found
on examination, the patients seldom have symptoms in those limbs .
He further stated that about 95% of the patients have symptoms
referable to the lower extremities .
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PHYSICAL EXAMINATION, SPECIAL AIDS TO DIAGNOSIS AND CHANGES
IN THE BLOOD
PHYSICAL EXAtiilNATION
On examination, in the early cases, one usually finds only a
slight cyanosis and coldness of one or more toes. In the later
stages, the feet and sometimes the leg may be cold, and the cyanosis
may involve the whole foot. It is often patchy and may vary from
pink to deep purple . There may be present trophic changes as abnormally large callosities: and linear breaks in the skin, and a
marked thickening of the nails of the toes.
Pulsations in the arteries are usually present in the early
stages, but .as the condition progresses, the dorsalia pedis and the
posterior tibial arteries cease to pulsate, and in the later stages,
one cannot feel even the popliteal arteries. The gangrene which one
finds in the very late stage is usually a dry type, frequently involving the skin of one or more toes. As it advances, the deeper
structures,and finally the foot and legs,become affected.
In addition to the local examination of the feet, one should
examine the upper extremities, especially for the absence of pulsations in the radial, brachia! and axillary arteries. A careful
general physical examination should always

be made , with special

attention focused on the cardio-vascular system.

SPECIAL AIDS TO DIAGNOSIS
SIMPLE TESTS. --

Buerger described a simple test which is of
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great aid in the diagnosis and differentiation from other conditions.
With the patient in the supine position, elevation of the extremity

45 to 90 degrees, in cases of thrombo-angiitis obliterans, results
in a marked ischemia in thirty seconds to three minutes, which may
involve - several toes or parts of the foot or leg. Lowering the extremity 45 to 90 degrees below the horizontal results in a marked
reactionary rubor in the same areas. Buerger (1) explains the late~
phenomenon as a reflex dilation of the capillaries of the skin after
being emptied on elevation due to the inability of the collateral
circulation to force blood up against gravity. This reaction is
present to a lesser degree in arteriosclerosis of the vessels of the
lower limbs. In early cases, this is a particularly valuable sign,
for it may be present long before the chronic cyanosis develops.
Anot.~er valuable aid in the diagnosis brought out by Bue rger
is the angle of circulatory sufficiency. The estimation of this
angle is based on the supposition that the normal limb, when elevated
so as to be perpendicular to t.~e horizontal plane, that is, 180°,
still retains most of its color. When the circulation mechanism is
defective, and the limb is elevated to the vertical, a variable degree
of blanching of the foot occurs. If the legs are then gradually depressed, the angle at which a reddish hue returns will be found to
vary considerably. In some cases it will be necessary to depress the
limb to the horizontal before evidence of return circulation is
manifested . The angle of circulation sufficiency would then be 90°.
If the reestablishment of the visable circulation in the skin,
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necessitated depression below the horizontal, the angle will be
correspondingly less than 90°. In many cases of arterial disease
the estimation of this angle is a valuable adjuvant, not only in
the recognition of the circulatory disturbance, but also in the
prognosis.

SKIN TEMPERATURE. -- Variation of the surface temperature
usually occurs in vascular disease of the extremity. Th is can be
determined roughly by palpation with the palm of the hand, but
more accurate temperature determination may be made by means of the
thermocouple galvanomete~, or by means of the skin thermometer which is more practical and accurate enough for ordinary purposes.
Normally, the tempe~ature of the skin in a room at 22° to 26° C.
varies from
52

0

c.

55°

to

55°

C. in the region of the thigh, to

50°

to

at the toes. In thrombo-angiitis obliterans there is usually

a general lowering of the temperature of the skin with a marked drop
at the point where very poor temperature begins (90) .

According to

Perlow (90) , this is not a very reliable di agnostic sign, because
the temperature is determined by the circul ation in the skin and is
independent of the dee p circulation, and i t may vary considerably in
any one individual. It is very useful in comparative studies to deter-

mine the effects of vasodilatory a gents, and to determine any associated
vasospasm.

THE HISTAMI NE TEST. -- Starr (91) studied the peripheral vas-
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cular system by the method of pricking the skin a number of times
through a drop of histamine.

In cases showing clinical evidence of

impairment of the circulation crf the feet, a delay in the reaction
appeared.

Ta £ts (92) simplified this test by using an intradermal

injection of histamine and stated that this simple clinical test may
be used to determine the presence or inadequacy of the cutaneous
collateral circulation .

McLaughlin (93) h ad found the results to be

quite satisfactory by using t he scratch method.

His technique is as

follows: "After cleansing the skin , a drop of histamine acid phosphate , obtainable in one c . c . ampoules , is placed at different sites
along the extremity .

In the lower limb it is customary to run the

tests above t he knee, at mid-leg and on the dorsum of the foot .

Using

a hypodermic needle, t.l-ie skin is then scratched through the histamine
as one would do in a vaccination .

There soon develops a red spot ,

succeeded by a wheal and surrounded by a flare.

This reaction is

accompanied by itching, and normally will be fully developed in five
minutes if the superficial circulation is adequate .

When t h e circul-

ation is a bnormal, t he wheal and flare may develo p very slowly , may
be almost invisible, or not a pp ear at all .
.,,ff

,

de Takata

(94) stated that the histamine res ponse is absent when :

1.

There is an inadequate pressure in the skin vessels to
fill the dilated arterioles .

2.

When there is an arterioler spasm present which the
histamine cannot overcome .

?• In those cases in which the cutaneous nerves have degenerated following injury .

He also stated that this test is useful to determine the lowest level
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for safe amputation of the extremity in patients with frank gangrene,
and as a means to estimate improvement or standstill in the peripheral
statue of the circulation during the conservative therapy.

TESTS TO DETERMINE THE PRESENCE OF PERIPHERAL VASOSPASM. -- It is
most important to determine the amount of associated vasospasm associated with thrombo-angiitie obliterans as the treatment in many respects
depends upon its absence or presence. It is also an important test to
use in differ.entiating this disease from the vasospastic diseases in
its early stages.
Numerous tests have been described to determine the presence or
absence of peripheral vaeoepaem, but the underlying principle in each
is the same. Any procedure which will release the constricting influence
of the sympathetic nerves to the peripheral vessels will produce a
dilation. of these vessels, if they are capable of dilating. The result
will be greater blood flow to the extremities with an accompanying
elevation in the superficial skin temperature. In a patient whose
symptoms suggest inadequate peripheral circulation, the constricting
influence of the sympathetics to the peripheral vessels may be removed
by various methods. By means of a mercury skin thermometer or a Tycoe
dermatherm, the temperature of the skin of the toes is taken, and if
it reaches an elevation established as the normal, one may assume that
the difficulty is due to spasm that has been released. The presence of
organic disease would permit the vascular bed to dilate only partially
or not at all, even when the constricting sympathetic influence is
removed. The elevation in the peripheral skin temperatures would be
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slight or absent in such a case

(9;) .

In all of the teats for the determination of vaaoapasm, the
patient is placed in a room with a temper atur e between 68 and 74
degrees F. for one hour, dur i ng which time his lower extremities
are exposed to the room temperature . The basic skin temper ature of
the toes are then taken. One of the various methods that will release
the vase-constrictor influence of the sympathetics is then employed,
and a second reading of the peripheral skin temperature is then
taken. If these reach a reading of 89 degrees F. or 31 . 5 degrees C. ,
it may be assumed that there is no significant organic occlusion
present. If the skin temperature fails to reach 31.5

c.,

but reaches

26 or 27 degrees c . {78-80 degrees F. ), it is interpreted as evidence
of a moderate degree of occlusive disease. In advanced peripheral
arterial disease there may be no elevation in the peripheral skin
temperatures after removal of the constricting influence

(93) .

According to 1.;c1aughlin ( 93) the simplest method of re leasing
the constricting influence of the· sympathetic mer:ves is the test
described by Landis and Gibbon (95) . If the patient's lower extremities are to be examined, his legs and lower thighs are exposed to
the air of the room until the extremities are cooled to 26 degrees
C. The hands and forearms up to the elbows are then immersed in
warm water at 110- 112 degrees F. (43-45 degrees C. ) for thirty-five
minutes and the skin temperature again determined. In normal subjects
the peripheral skin temperature of the toes will be elevated above
31 . 5 degrees C. (90° F . ) in this time. If one wishes to study the
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upper extremities, the same method may be used by immersing the
feet and legs in warm water, at a temperature of 44 degrees C. The
warmed blood returning to the brain results in producing a peripheral
dilation in the extremities, releasing the excess heat and maintaining the body temperature at an even level (93).
Another simple method of determining the presence of vasospasm
is the test described by Coller and ?v1addock (96). The patient lies
prone and disrobed upon a table for one hour at an environmental
room temperature. The skin temperatures are then taken and the
patient is subsequently wrapped in three heavy blankets and a light
rubber sheet for one hour. The skin temperatures are then repeated,
and the difference noted. In a normal subject a widespread vasodilation results in an increase in the peripheral skin temperatures.
Other methods described to release the constricting influence of
the sympathetic nerves to t he peripheral vessels are the administration
of a low spinal anaesthe.t ic and peripheral nerve block (93).

OSCILLIOMETER. -- This is an instrument which measures the
maximal and minimal arterial pressures and the oscillations of the
pressure in the arteries. Its use h as become widespread in the quant-

itative diagnosis of peripheral vascular disease and in the differentiation between organic and vasomotor disturbances. However, according
to Perlow (90) and Brown et al. (9), t he differential diagnosis has
not been aided by the use of this instrument.
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ARTERIOGRAPHY. -- Injection of the arteries oi the limbs wi ti
thorotrast, 25 -·o thorium dioxide in colloidal state, has been a recent development .

According to 3rown (72), it gives valuable in-

formation in cases in which distinction between vasomotor and occlusive
lesions is otherwise impossible.

Homans

(89) stated that it cannot

be said that arteriography is of any vital diagnostic aid.

It should

oe practice d only by the most expert, not entirely because of the
danger inherent in the procedure, but because perfect technique alone
justifies an exact interpretation of' the picture in a critical case.
In the average case this exan1ination is r ot necessary .

CHANGES IN TH8 BLOOD
Although thrombo-angiitis obliterans is conside red a blood vascular
disease, nothing characteristic or constaa t outside of the increased
viscosit,y of the bloo d has oeen re ported oy various authors in the
study of blood che.'.!listry associated with this disease.

This char-

acteristic change was first reported by foayesima ( 97).

A study made

oy Silbert et al.

(98) revealed an ave rage reduction of

21% in blood

volume in 69 typical cases of thrombo-angiitis obli te rans .
Friedlander and Silbert

(99) reported increases in the total ash

content, total protein, calcium ana cholesterol su ostar•ce in the blood
of forty patients with thrombo-angii tis ooli terar,s .

t owever, Allen

et al . (100) re ported the value for serum calcium, serlll!l protein,
blood urea, serum lecithin and se r um phosphorus to oe within normal
liwits.

In ~ost instances they also f ound the olood volume and hemato-

-52-

crit value to be normal.
Theis and Freeland (101) also reported an increased viscosity
of the blood, associated with rapid clotting, rapid sedimentation of
the cells, low or normal cell counts, greatly increased alkalinity,
arterial oxygen saturation and low carbon dioxide content.
A review of the recent literature on chemical studies of the
blood is not illuminating and enlightening . In most instances the
conclusions drawn do not agree.
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JltriRtNTIAL DIAGNOS IS
Two general types o± disease of the peripheral arte r ies of the
e xt remities are recognized .

These are the vasomotor or functional ,

and o bliterat i ve or organic .

Ea ch is divided into two subgroups ;

fo r the vasomotor ther ~ are the vasospastic and vasodilator forms ,
for the organic there are chiefly thrombo-angiitis obliterans, and
arteriosclerosis pro ducing t he familiar gang rene of the aged , including diabetic gangrene.
The chief difficulties in diagnosing the vascular diseas e of the
e xtreciiti ::; s is i n distinguishing the vasomotor types from the organi c
type s particularly when the conditions are associated.

Howe ve r ,

the distinction bet we~n occlu sive a rteria l and vasomotor disturbance
can be made with accura cy in 95/o of c ses by means of simple palpation of t he a rteri e s and c. reful considerations

01

t he symptoms

(9) .

If th e vascular disturoance is shown to oe or 6 anic in type,
distinction must be made oetween the two uost cow..Lon forms;
t hroillbo - angiitis ooliterans and a rt0r ioscle rosis wnich make up 95/o
or the c~ses of occlusive a r te ri al disease of loc al distribution
i n ~an , and the latter condition is extremely rare be1ore the age of
45 .

(70) .

A very help1ul table to assist in t h is diiie rent ia l

di agnosis ha s been outlined by Silbert ( 102) and is as follows:
Thromoo-angiitis oolicerais .
Appeal's younger than age
Ha ir no r mally pigwented
No ar cus senalis

-54-

Retinal arteries normal
Radial and temporals soft
Femoral artery often closed
No x-ray calcification
Blood volume usually diminished
Symptoms coronary disease rare
Albuminuria rare
Superficial phlebitis common .
Arteriosclerosis
Appears older than age
Hair usually gray
Arcus senilis frequently present
Retinal arteries frequently sclerotic
Radial and temporals frequently sclerotic
Femoral rarely closed
Calcification common by x-ray
Blood volume usually normal
Coronary symptoms frequent
Albuminuria not uncommon
P'nlebitis rare.
Horton stated (10;) that in the fifth decade of life , th e
necessity of distinguishing between these two conditions is of
more or less academic interest, since the problem of treatment
is,with few well defined exceptions , the same .

- 55-

CONSERVATIVE METHOD OF TREATMENT
The past decade has witnessed marked changes in the attitude
of physicia.ns toward thromoo-angiitis o bliterans, l ar gely because of
a better understand ing of the disease and newer advancements in treatment.

Prior to this time, a diagnosis of this disease carried with

it the impression that amputation of one or both lower extremities
would inevitably follow, and once the diagnosis had been established,
it was suggested that amputation be carried out promptly (105).
Because of the high incidence of this disease in young people,
t he necessity for conservation of the extremity is very important.
The unnecessary mutilation of young men is tragic and imposes upon
them a tremendous burden both ecomically and socially.
Recent workers in this field have had the courage to carry
these patients thru the various stages of ulceration and have
allowed these lesions to heal spontaneously without resorting to
operative interference.

With this in mind, a detailed . summary

of the various methods used in the conservative handling of a
patient with thrombo-angiitis obliterans is presented.

REEDUCATION OF THE PATIENT AND PROPHLACTIC TREATMENT
Horton (105) stated,

11

It is just as important to educate the

patient who h as thrombo-angiitis obliterans regarding the nature of
his disease as to instruct the patient who has diabetes mellitus
regarding hie diet".

Patients must be cautioned to avoid trauma,

excessive walking and undue exposure to cold.
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They should be taught

to avoid crushing or oruising the feet or toes and should be instructed in the proper care of scratches, cuts, cracks, blisters
and burns.

New shoes should oe worn f or only a half hour to an

hour the first day, and considerable time should oe spent in
breaking in such shoes.
worn in cold weather.

Soft woolen stockings should always be
Care of the toe nails is important .

They

should be cut straight across, after being soaked in warm water,
and they should be scrupulously, cut carefully, cleaned.

Corns,

calluses and bunions should not be cut.
From the standpoint of cleanliness, the feet should be
washed carefully and dried gent ly with a soft towel.

Extreme care

should be used in drying the skin oetween the toes .

Brisk rubbing

with a rough towel should be avoided .

The occasional application

of 50% alcohol to the feet and toes is desirable but should not be
used to excess.

If the feet are excessively dry or if the skin

tends to crack or undergo scaling, hydrous wool fat or theobroma oil
can be rubbed in gently to soften the skin.

Strong disinfectants ,

chemical compounds, ointments, corn cures and remedies for athlete's
foot should be avoided .

A safe method of treating athlete 1 s foot

is to soak the feet for a half hour each day in a 1:8000 fresh
solution of potassium permanganate (103).
Holman (104) gives his patients e xp li cit directions concerning
a high vitamin diet, plenty of cooked vegetab les, fruits, butter
and milk .

He also gives them three haliver oil capsules daily for

vitamins A and D, three brewers yeast tablets thrice daily for B,
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and the juice of one lemon daily for C.

To patients with low blood

pressure, the B.M. R. is determined, and if it is plus 5 or below ,
thyroid is administered .

Anemia, if present, is corrected when

possible by the administration of liver and iron .

If there is any

question of myocardial insufficiency, ap propriate studies and treatment are given .

Because of the diminished blood volume and increased

viscosity, eff orts should be made to increase the volume and
diminish the viscosity by the ingestion of 3 - 4 quarts of water
daily .
It is well known that tobacco smoking causes impairment of
arterial circulation, manifested in the extremities by decreas ed
cutaneous temperature, and in the general condition by a rise in
blood pres sure and increase in the pulse rate .

It is a repeated

clinical observation that patients having thrombo-angiitis who
continue to smoke do not ordinarily improve as much as patients
who cease smoking .

Silbert has emphazied this many times (10, 102) .

Wright (105) stated that the results of therapy in this disease depend
on the edict,

11 Absolutely

no smoking , now or forever" .

Allen (105)

stated that it is difficult to impress on patients the importance
of discontinuing the use of tobacco .

To do so, he tells them,

can have your legs or your tobacco, but not both 11

•

11

You

It is therefore

of great importance to impress upon the patient complete cessation
of smoking .
Brown, Allen and Mahorner (9) have empirically followed the
practice of treating all obvious foci of infection .
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This procedure

is based on the assumption of bacteria or bacte r ial toxic agent s
as causal or contributorily causal of the disease .

There is

little evidence that distant foci, in the teeth, tonsils and
prostate are causative factors, but they have noted acute exacer bations of superficial phlebitis following attacks of acute
tonsillitis .
These measures require diagnosis of the disease in the
stage before ulcers or gangrene have occurred .

If the diagnosis

is made early, subsequent ulceration or gangrene can be prevented
in the majority of patients .

arown (72) is of the opinion that

in the cases in which ulcers or gangrene have appeared, half of
these lesions could have been prevented had the patients been
cognizant of the impair~ent of the blood supply .

REST
The extremity should be placed at relative rest whenever
there is ulceration, gangrene, marked progressive discoloration ,
pronounced and sudden local coldness and severe rest pain .

Reid

(107) stated that the long period in which elevation of the extremity had been persisted in as an essential part of the therapy had
undoubtedly been responsible for an untold number of amputations .
Samuels (108) emphazied the fact that the leg be maintained in
the horizontal position to prevent venous and lymphatic obstruction.
Wright (105) stated that the moat satisfactory circulation is one
between the extremes of elevation and dependency .
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Thia position

will be found usually from 3 - 6 inches below the level of the
heart (105) .

Rest should be continued until the lesion is

healed or until the acute episode is over.

CUNSERVAl'IVE h·.EASURES TO INCREASE CIRCULATION
ACTIVE VASCULAR EXERCISE . -- Simple measures can be carried
out oy the patient without undue sacrifice of time or money .
Postural exercises as outlined by Buer ge r (1), are useful in the
stage before trophic changes appear .

The hands or feet are kept

elevated from 30 seconds to 3 minutes or until pallor is present;
they are kept in the dependent position for at least 2 - 5 minutes ,
or until the color has returned; for 3 - 5 minutes they are kept in
the horizontal position .

This exercise can be repeated for a total

of three 15- minute periods daily (72) .

Allen (109) has suggested

a modification of this procedure which is helpful if the feet are
not too painful .

While the legs are hanging over the edge of the

bed, further exercises are performed as follows :
1.
2.

3.
4.
5.

6.

The feet are extended downward .
The feet are raised by flexion at the ankle joint, not
by raising the legs.
The toes are turned inward as far as possiole .
The toes are turned outward as far as possible .
The toes are spread with the feet in normal position .
The toes are closed .

HEAT . -- Heat is a time-honored measure in the treatment of
peripheral vascular disturbance .

It is also one of the best known means

of relieving pain and limiting the spread of gangrene and ulceration .
However, Starr (110) stated that the ordinary foot
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cradle covered with a olanket and heated oy one or more electric
lights is to be condemmed because of the likelihood of overheating
and producing unnecessar y pain in r:iany cases.

He stated that the

results are far more easily and certainly attained by a thermo regulated heat cradle in which there is automatic and exact control .
In h is opinion, the optimum tewperature in peripheral vascular
disease is from

,o - )4 degre e s

C.

However, it is impossible in

many cases to obtain such a cradle described by Starr ; and in many
cases the ordinary cradle method can be usefully applied by the
patient himself in his home, so that it may be very beneficial if
proper precautions are kept in mind .

The application of radiant

heat should be bradual and in short exposures .
with a s oft towel may be necessary .

Covering the toes

The length of exposure to the

heat should be gradually increased to perhaps two to three hours
each day (72) .
Perlow (111) stated that diathermy locally had an excellent

immediate result in cases of t h rombo-angiitis obliterans, probably
by reli eving the vasospasu .

However, he stated that the permanent

results were poor, because the disease involved the prioary vessels
faster than the development of the collateral circulation by its
effect.

Allen (106) stated that extensive observations have not

yet 0een ~ade on the relief of pain and clinical improvement by
its use.

He further stated that it is unfortunate that the

vasodilation induced by short wave diathermy persists so oriefly,
but it is no CTore illoiical to assume that permanent vasodilation
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~ay result fro~ this form of treatIBent than it is to assW'!:e t~?t
?eruanent vasodilation ~ay Yesult from other wethods to produce
vasodilation .

Wright (105) condems its use .

CONTRAST oATHS . -- Contrast baths are useful in the absence
of gangrene .

The extremities can be submerged to the knee or

elbow in cold water at a temperature of 40 - 50 degrees F . , and
then in water at a temperature of fran 100 - 110 degrees F .
The extremities are alternately imuersed in the hot and cold wate r
for one minute at a time .

The alternate immersion is repeated

10 - 15 times , ending with immersion in warm water .

treatment the

peripheral vessels alternately contract and relax

by vasomotor action .
procedure .

Under such

Great care must be used not to overdue this

After the bath the skin must be carefully dried ,

particularly the skin between the toes .

This region should be

swabbed with alcohol and a drying powde r used to prevent excoriation
of the skin

(72) .

SITZ dATRS . -- Wright ( 105) has adopted a modification of the
long used sitz bath to produce vasodilation because of the unsatisfactory results with the contrast bath .

He has the patients sit in

a tub containinb at least 12 inches of water at a temperature of

37 .8 - 40.2 degrees C. for 20 - 30 winutes at least once a day .
This type of oath is not suitable for patients with open ulcers or
gangrene .
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WHIRLPOOL BATHS . - - According to Wright (105) , if this is
available it may further stimulate the circulation to the extr emities .

He stated that the motion of the water is especially help -

ful in the presence of low grade ulceration .

The temperature of the

water should be the same as described under the sitz bath .

INTERMITTENT SUCTION AND PRESSURE . -- As early as 1917 ,
Sinkowitz and Gottlieb (112) applied Bier's suction hyperemia
treatments with beneficial results in thrombo-angiitis obliterans .
However , it remained until Hermann and Reid (115), and Landis and
Gibbon (114) for revieving the alternating suction and pressure
mechanism in the treatment of vascular diseases .
In

1952 Hermann (115) designed and built an apparatus which

would automatically bring about the rhythmic alterations of the
environmental pressure of an extremity from any desired amount of
megative pressure to any desired amount of positive pressure , and
at any selected rate of alternation .

Because the apparatus was

essentially causing passive vascular exercise, he called this method
of treatment pavasex .

Hermann and Reid believed that pr essure

should be equivalent to about 20 mm . of me r cury, and that it should
endure for about

5 seconds , while suction should be equivalent to

about 80 mm • . of mercury and, endured about 12 seconds .

Allen (106)

stated that it is Hermann's machine that is now used commonly .
Landis and Gibbon

(114)

in

1953,

also perfected a mechanism

for alternate suction and pressure for the treatment of peripheral
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vascular disease .

They showed that alternate pressure and suction

had a physiological basis , t hat it diminished the rate of cooling of
the extremity and casused a cold extremit,1 to become warm .
Edwards (115) described a devise to furnish warmth to the
affected extremity while it was being treated by suc~ion and pressure.
He stated that such locally applied heat is capable of producing
maximal vasodilation, thereby increasing the effectiveness of the
suction.
Recently, Holman (104) modified the boot devised by Herhlann
so that it could be app lied directly to the thigh .

He believed that

such a chamber exerted its influence on the undiseased vessels instead of on occluded arteries as the passive vascular boot does .
The pressure alternates within the chambe r every 5 seconds, f rom
minus 70 to positi ve 50 mm. of mercury.

Allen (106) doubts that the

results of t his boot are better than those obtained by Hermann and
Reid .
Excellent results have been reported by Hermann and Reid (11?),
Landis and Gibbon (114), _and others (116, 117, 118) in increasing
the collateral circulation by the use of this mechanism .

However,

Kountz and Smith (119) reported disappoint ng results with the use
of the pavasex machine .

Brown and Allen (120) did not find inter-

mittent suction of much clinical value and stated that increases in
surface temperature can be accomplished by more simple means of treatment .

I

Takats (121) summarized this form of treatment, and stated

that this therapy may be a valuable adjunct to other useful measures .
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1.i'IT~fu.IlTTi.N""T VENOUS OCCLUSIOh . -- Callens and Wilensky (122 , 125)

have constructed an automatic apparatus in order to produce intermit t ent periods of venous compression , t hrough a pnematic cuff
applied to the proximal portion of the diseased extremity, in which
they were able to control the amount , duration and release of pre s sure .

They

(124) pointed out that this method is not to be confused

with t he use of alternate suction and pressure , as this method
consists only in intermittent obstruction t o venous return .
This tre atment is based on the observation that hyperemia
follows release of the venous compression with an increase in arterial fl ow and t he report t hat the effect of t h is treatment is the
relief of pain , increase in the skin temperature of the extremities ,
increase in walking efficiency , increase in vascularity and healing
of chronic i ndolent ulcers associated with vascular obstruction

(125).

Collene , Wilensky and Ginsberg (125) treated open lesions by
using 50-40 nnn . of mercury of intermittent occlusion, one minute on,
and two minutes off, continuously, da; and night .

After three days

the treatllient was reduced to a ppro ximately 8 to 10 hours a day .

In

cases where no lesions existed pressures as hi 6 h as 60-80 mm . of
mercury were given for alternating periods of two minutes continuously .

They reported the complete healing of 62~ of the patients

having ulcers due to tnrombo-ang iitis obliterans , and reli ef of rest
pain in 85fo of their cases .
Kountz and Smith

(119) used 5 blood pressure cuffs to the extrem-

ity to increase the venous pressure .
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The pressurJ was about 40 mm .

mercury in the cuff highest on the leg .
to the succeeding cuffs .
six minutes .

Lesser pressures were applied

The system was inflated and deflated every

They stated that t he use of multiple cuffs appeared to

shorten the total time that was necessary to maintain the venous
pressure .

Improvement was noted in patients having thrombo-angiitis

as well as those having arteriosclerosis .
Clinical evaluation of' this form of treatment is extremely
difficult .

Wright (105) has never been impressed with t he clinical

results of this form of treatment .

However, it must be remembered

that t h is method of treatment can be applied only with a blood pressure machine, and can be easily taught to the patient , who can appl y
this method by himself , both in the hospital and in the home .

rhE SANDiRS B.till . -- ln 19J6 Sanders (126) descri bed a motorized
oscillating bed for the treatment of peripheral vascular disease .
ln cases of peripheral vascular diseas es , the ther apeutic principle
of this bed is sim ,, l y the old postural exercises, except that t he
changes in po sture can be carried out for long periods of time without effort on the part of the patient , and with a steady continuous
r hythm.
3arker (127) found no contra-indicati on to this method with
t he exception of marked infection in association with gangrene .

In

comparison with other methods of tre atment of peripheral circulation, it possess the advantage of avoiding any constriction of the
legs or obstruct ion to venous circulation.
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It can be used in con-

junction with vasodilating procedures .

However, t h is form of treat-

ment produces slight objectional improvement in circulati on and
slight, but incomplete, vasodilation (127 ).
I ts most stri~ing therapeutic effect appea r s to be immediate
relief of pretrophi c pain , pain of ischemi c neu ritis, and the pain
of ulceration and gangrene.

I t has mi mimal , if any , beneficial

effe cts on the pain wh ich causes intermittent claudication.
to Barker (127), t h is method of treatment

11

According

constitutes a valuable

addition to the armamentarium for treatment of peripheral ar t erial
disease, out it shou ld not supplant other methods of treatment 11

•

INDLCTION OF FEV.c..R . -- The may brilliant resu l ts, reported by
various o bservers, o ota ined in chron i c inf lanmatory joint conditions
with foreign protein injections suggested to Goodman (128) the
possibility of this form of treatment in thrombo-ang i i ti s ooliterans .
Brown (72) stated that t he most effe ctive method of increasing t h e
circulation to t he a ffe cted extremit y is by the indu ction of fever .
This has, in h is opinion, a h i gh degree of efficacy in cas es in which
there are trophi c lesions, ulcers and gangrene.

He stated that relief

of rest pa in could be obtained in more tnan 80;~ of cases.

This

type of therapy had been adopted by th e mayo Clinic since 1924 (129).
,,any different agents have been used as foreign proteins for
t he de si red reaction , whi ch is an in crease in t h e s ystemi c temper ature of from 2 - 4 degr 0es F.

Bacterial vaccines gi ven i ntra-

venously , particulady of the t ypho id group , have been most popular .
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'11ost satisfactory preparation so far encountered by Barker ( 130)

1

are the ordinary T. A. B. and typhoid A antigen .

Ac cording to him

(129), these have about the same therapeutic effect, the former
being a little more sure of producing a reaction, the latter tending
to cause less chills and malaise for the as sociated fever produced .
The initial dose is from 15 - 30 million organisms .

The number

of injections depends on the response in t he relief of pain and in
healing .

lnjections have been g iven as often as every other day,

and as many as 18 to a course .

Sometimes they Lave been given once

a week for a prolonged period .

For further injectio r s , t h e dose is•

increased, as it is necessary to keep up the reaction because patients
vary considerably in their tolerance .

Usually t h e dosage has to be

increased. by 25 million organisms each time .

As much as 500 million

have been given in a single dose toward t h e end of the cour se .

If

prolonged treatment is necessary,it 1s usually well to give a period
of rest of a month or so after a course of treatment

,

(129) .

It has been t he custom of de Takata to start with as little
as one million bacteria, and, s h ould this procedure produce a fe brile
reaction or malaise to reduce the dosage to 100 , 000 organisms .

Ge

stated that the minimal do se producing a favorable local response
without a general react ion is the optimun dose .

'/hen such a dose

is once determined, it is rep eated until no relief of sylllptoms is
obtai ned .

At t hi s time an increase in t he dose is advis abl e , but

never one t hat will produce a high temperature with chills

(94) .

This me tho d is contra- indicated for elderly, asthenic, cachetic ,
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arteriosclerotic , or markedly anemic patients, and for those having
cardiac disease , particularly coronary disease
Wright (105) had recommended this type of therapy only when
other methods have proved inadequate to control progression toward
gangrene .

It also ap peared to Bar ker (129) that treatment by foreign

prote ~n is chiefly valuable in t h rombo-angiitis obliterans to carry
a pati ent through one of the critical periods of' exacerbation , in
association with other simple measu r es , providing gangrene had not
been too extensi ve .
Amon1:s other I!lethods tor inducing fev3r , has oeen t he use of
an intra:nuscular injection of sulfur in oil , dec_,cribed by Waller
(lJl) .

Allen, in a discussion followint the presentation o± t r1i s

paper , stated that it had been shown that t he sulfu r injections had
been somewhat superior to t yphoid injecti on s , as tbe~, could be u sed
safely in patients of all ages , and are partictlary of value when
repea t ed injections of t Jphoid vaccine failed to produce fev er .
However , as commented on by Naller (lJl) and rlrown (72) , the pain
at the site of the injection is se ve r e to the more sensitive t:rpe of
patient .

lNTRAVEr!OuS AD1. l '1 STR ATI8N OF SAL.NE AND OTHER SOLUTIONS . --

i.,ayesima (97) , while engaged in the study of blood viscosity , observed
an increase in the viscosity of t he blood in cases of thrombo - angiiti s
ooli terans .

Koga ( 1J2 ) , in 191) , 1vas the first to introduce intr a -

venous therapy in its treatCTent , using physiologic solution

of

sodium chloride in some cases and Ringer ' s solution in others .
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eyer (1.3.3), in 1916, was the first American to adoft t hi s method,
calli ng it the l.. ayesina-Koga treatment .

Ginsberg (1.34) , in 1917,

suggested the use of 2fa sodium citrate solution intravenously, and
a few years later Steel (1.35) reported good results with the use of
this solution .

Jablons (1,36) added buffer salts to the citrate solut-

ion to produce a certain hydrogen ion concentration.
h owever, the most widely used solution at present is the use of
hypertonic solution of sodium chloride , as recommended by Silbert in

1926 (1.37) . He uses a
sodium chloride .

5%

solution of freshly pr epared and sterilized

The initial dose is 150 c . c . and all subsequent

i njections are ,300 c . c .

The injections are at first given on alter-

nate days, t hree times a week , later two times a week , and the length
of interval is further increased as the patient i mproves.

Samuels

(108) , an ardent advocate of hypertonic salt solution in the therapy
of Buerger's disease, had found that in some cases it is preferable
to employ a solution of' less hypertonicity in order to avoid
annoying thromoosis in the ve i ns at the s it e of injections .

Both

of t h ese men have repeatedly reported favorably on using this
solution .

Silbert (102) stated that it is a simple form of t r eat -

ment requir ing no expe rt knowledge of technique and could be carried
out by the physician in his office .

I t is reas onably safe, and for

its successful use requires onl y reasonable care, persisv ,, nce and
patience.
rhis treatment is not considered the treatment of first choice
by .V right ( 105), and the group at the 1v1ayo Clinic have not been
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ent..husiatic about this type of treatment .

However, "/right (105)

stated that there may oe patients with thrombo-angiitis obliterans
for whom it should be tried when typhoid vaccine is contra-indicated,
or when response to it does not appear satisfactory .

ALCOHOL. - - .Vright (105) feels that the use of whi s key or other
spiritous liquors is indicated in the treatment of organic occlusive
disease of the peripheral vas cular system.

He stated that the dose

depends on the severity of the condition.

Brown, Allen and lVlahorner

point out that , in addition to the vasodi l ation properties, whiskey

may control the pain in some cases more satisfactorily t han morphine .
Cooke and drown (138) have also found that alcohol given at the onset
of shivering , following administration of foreign protein for diseases
of the peripheral blood vessels, complete ly obviates chillin ~ or,
at lea s t, definitely reduces the severity

of the chill .

VASODILATORS . - - Scupham (139) has reported that theobromine
and its salts, particularly theobromine sodium acetate , acts as a
peripheral dilator .

He stated that these drugs are useful in early

cases of thrombo-angiitis obliterans in wh ich there is a larger
element of angiospasm .

He stated that his results are sufficiently

good to make t h is drug a valuable adjunct in its tre atment .

h owever,

Wright (105) stated that the action of t heobromi ne and i t s allied
compounds in the usual doses is unreliable and doubtful .
Sta rr (140) had reported that acety l
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a methylcholin will

benefit

certain cases in WLich vascular spasm is present .

r.owever , he

stated that if the vessels are occluded soley by organ ic disease,
the drug will not increase the blood supply to the extremity .
Papaverine has been advocated for the relief of sudden occlusion
nowe ver, Littauer and Wright (141)

and for relief of arterial spasm .

have found its vasodilating action to be ineffective and uncertain
as compared to the effects of simple water immersion .

EASURiS IN rRti:ATlNG CLAliDICATlON

(rissur:: E(TRACTS)

In 1926, Frey and Kraut (142) discovered a substance in the
urine .

They designated this substance kallikren .

Gley and

Kisthinios , in 1929, obtained an insulin-free suostance from the
pancreas which may be identic a l with the h ormone ootained by Frey
and Kraut .

J . s. Schwart~an , in 1929, ( 144) prepared an extract

of skeletal muscle which he called myoston , and a year later M. S.
Schwartzman noted marked improvement in cases of int3 rmittent claudication after ~sing this substance .
The exact nature of its action is not known .

Rot11 , Barker and

arown only postulate t hat acid metabolites are neutralized, or that
a deficiency of some subs t ance such as a de nosin pho sphoric acid caused by some inadequate flow of blood in the muscl es - has
been overcome by in l' reas ing the amount of t hi s substance .

Rabin-

owitz and Kahn (64) believed that the insulin-free pancreatic extra ct contained a ho rmone whi ch exerted a strong influence on the
phospholipid metabolism .
Using 3 c . c . ( 30 units) of Sharp and Dohne 1 s pancreati c
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tissue extract, various writers (105 , 146) have re ported that
tne results from using this substance were particularly gratifying
in relieving the symptoms of' intermittent claudication .
From a pra ctical standpoint, the therapeutic va lue of the
tissue e xtracts seems to be restricted to those cases in which intermittent claudication is the chief symptom (147).

CONSr<.:RVATIVE TRcAr1.ENr OF ULC~HS OR GANGRK ous Lc.SlONS

In the presence of a gangrenous ulcer , Samuels (108) advises
soa.kin6 the feet twice dailJ for periods of 10 minutes in . 5% chloramin
solution or boric acid.

This he follows by the app lication of 1%

nupercaine ointment or an ointment of ca.ophor and phenol containing
l;b of each.

Homans (89) stated hat a warm solution of' any mild ctnti-

septic may oe used .

After soaking, the sore should oe gently dried

and the ulcerated area covered wi~h a vaseline gauze .

He adds 10%

ethyl aminobenzoate ointment or 1/o nupercaine in petrolatum as an
analagesic drug .

He further suggests that a combination of zinc

oxide, mineral oil and cod liver oil are useful to promote heal~ng
and epithelization of large open surfaces .

0ThER R.ci:CBNT Ri P0RT.l:!:D kEDlCAL TRt:Afi.,1 ENT

SULFM:lLA.,._DE . -- Allen (106) stated that the administration
of this drug has proved useful in the treatment of the acute or
subacute infections so often associated wi th ulcerated or gangrenous
lesions of thrombo-angiitis obliterans .
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Accord i ng to him , patients

who have this disease and are under close observation, should be
treated with sulfanilamide or neop rontosi l , given regularly or
intermittently over long periods .

S0DIUl.. IODlDE T,_IOSLLFATE . -- In the last stages of the disease ,
in which excruciating pain was the outstanding symptom, sodium
iodide tr-iosulfate had been used by Rabinowitz as a most helful adjuvant (64).

In severe cases an ampule of 50 gr . of this drug was

given intravenouslJ until pain was contro lled .

Theis and Freeland

( 148) claime d to r.ave considerable clinical success with sodjum
tetra thionate and sodium thiosulfate.

IUSCELLANE0US .-- Phillips and Tunick have us ed roentgen therapy
anl noted an improvement in trophic and circulatory distur bance s as
well as relief and a remarkabl e reducti on in the percentage of
amputations

(149) .

They claimed that this ior m of treatment had

tremendous advantages in treating thrombo-an 6 iitis ooliterans .
Conwell (150) noted a low blood calcium in a very small series of
cases.

he gave those patients . 5 c.c. or 10 units of paratho r mone

subcutaneous every other day for 10 injecti ons, and calcium gluconate for 20 days .

Ee noted an increased blood calcium and clin ical

improvenent in his cases .

SlJi1Jv1ARY
Wright (105) stated that it is very important that t he recent
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trend in certain quarters, toward submitting all patients with
vascular disease to the same form of t herapy, whether it be the use
of the pressure su ction boot, admi nistr ation of hypertonic saline ,
or intravenous typhoid, be discouraged .

Each case should be given

individual consideration before the therapeutic regime is instituted .
It is also of vital importance that the conception that thromboangiitis obliterans is purely local , involving the extremities , be
overcome .

Each patient should be submitted to a complete study in

order that evidence of vascular damage anywhere in t h e body may be
discovered and proper t h erapy instituted (lOj) .
The detailed means by which conservative methods of treatment
have been used is costly , as it requires treatment over a l ong
period of time .

Wallaeger et al . ( 151) stated that it is a go od

policy to discuss the situation frankly wi th the patient .

If he

desires a trial of conservative treatment, it seems to them that he
should have it .

If such treatment im resses the patient as being

too costly and too uncertain of producing good results, amputation
may be advisable .

however, they (151) believe t hat the cost of an

extensive, but conservative, program is not too great if there is
a chan ce

01

producing healing of gangrenous lesions , and quiesence

of the disease .

- 7-:J-

SURGICAL MEASURES
EFFORTS TO ALLEVIATE PAIN
PiRIPHERAL NERVE BLOCK . -- In spite of the numerous aids in
treatment, it had been often necessary to amputate the painful
leg to preserve the patients morals and to prevent him from becoming a morphine addict.

In 1922, Silbert (152) re ported 4 cases of

blocking the posterior tibial nerve with alcohol at the internal
malleolus .

A few years later, Smithwick and White (153) presented

a technique for alcohol injection of the sensory nerves of the
lower leg, and reported that the relief of pain had been responsible
for the saving of 6 out of 11 legs otherwise doomed to amputation .

NERVE SECTION. -- Lasky a nd Silbert (154), in 1933, reported
on the relief of pain by simple section with immediate suture.
They stated that this method was superior to alcohol injection or
ne rve crushing, and was an invaluab le procedure for patients with
ulcerative or gangrenous lesions.
and can be repeated.

Its effects last for six months

The drawback of the procedure, according to

/

de Takats, is that an asc ending infection may go unnoticed .

lv,ISCELLANEOUS PROCEDURES.

,

According to de Takata (155),

the use of paravertebral block is especial l y useful in cases in
which peripheral nerve block is not feasib l e.

Kirchner (156)

stated that intraspinal injection of pure alcohol offered no
advantages over peripheral nerve section.

Th is sh ould be reserved

f or cases of intractable pain of the extremities when simp ler
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methods

have failed (155) .

OPt.RAT IONS ON THJi: SYiv.PATHETIC NERVOUS SYSTEh·

Surgical treatment for sympathetic denervation has consisted
largely of operations on the sympathetic nervous system, and at
present, Brown (72) states that sympathetic ganglionectomy is the
operation of choice .

The question whether or not a case of Buerger 1 s

is suitaole for sympathetic sur ger y depends largely upon the presence
of a associated vasospasm .

This can be guaged by the use of various

tests for organic or spastic vascular occlusion previously descr ibed
( 157, 158) .
This operation has proved to be of th e greatest value in the
slowly progressive cases, and in the cases of those patients who
cannot afford, or are unable to sacrifice the time required for
conservative treatment (158) .
of this operation is essential .

Selection of ca ses for application
Satisfactory grades of vasodilation

of the extremity should be demonstrated and the general condition
of the patient must be carefully elaluated, especially as to the
presence of coronar y schlerosis which exc ludes t h is oper ation (72) .
,

&e Takats (155) stated that the effect of sympathectomy on
the peripheral vascular bed is far from being clear .

He further

stated that the difficulty in treating patients with Buerger 1 s
disease oy this means is due not only to the fact that in the
late stages very little spasm is evident, out also to the fact
that the disease is not arrested by sympathectomy and that acute
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thrombotic occlusion with subsequent gangrene may occur.
analysis

In his

(155), the results trom sympathectomy are not strikingly

different from those obtained by conservative treatment.

Al,1PUTATION
Gangrene of the extremity is the much dreaded final stage in
thrombo-angiitis obliterans .

Its treatment is usually amputation,

although ultra conservatism is advocated even in this stage .

lr

~e Takats and Reynolds

(159) list the following conditions in which

a patient with thrombo-angiitis has a fair chance to save the
limb :

1.

Ability of the patient to have a~solute rest in bed and
adequate nursing care for approximately three months .

2.

Absence of any sign of spreading infection which would
indicate immediate amputation .

3.

Absence of massive gangrene.

4.

Absence of intractable pain or a good res pons e to conservative handling .

When these conditions are fulfilled, an early amputation lowers
mortality, restores the patient 's morale , and may restore some of
his earning capacity.
The incidence of amputation in cases of Buerger 1 s disease -is
definitely decreasing with earlier diagnosis and adequate conservatism, but even in Silbert 1 s cases
major amputation occurred in

(160),

the failure to avert a

6.4/4 of patients . Horton (103), in a

study of the cases at the h1ayo Clinic, stated that 701/o of the patients
will go for a period of

3 years from the onset without amputation ,
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60%

will go for a period of 5 years and

years.

40%

for a period of 10

However, since the advent of new conservative measures

which are urged and demanded by patients, cases come later for
amputation, thereby increasing mortality and discrediting the
procedure (159).
The determination of the peripheral vascular status and the
level of circulatory efficiency is most important .

The most use-

ful tests to determine the proper level of amputation are the estimation of the skin temperature and the study of cutaneous reactions to
histamine mentioned previously.
Silbert (160) stated that amputation in general of the toes or
part of the foot is unwise .

However , he lists exceptions, such as

a localized indolent ulceration of a toe associated with a suppurative
interphalangeal arth ritis or digital osteomyelitis .
Silbert (160) also emphazied the importance of saving the knee
joint and stated that amputation can be successful below the knee .
However, if amputation above the knee is unavoidable, an effort
should be made to haye as long a stump as possible as the patient 1 s
success in using an artifical limb will be in direct proport ion to
the length of the stump .
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PRCGNOSlS

The pessimistic attitude relative to the outlook fo r
patients with thrombo-angiitis obliterans has gradually changed
to a more optimistic one .

That much can be accomplished for

such patients is more apparent, as experience in conse r vative
medical treatment of this condition accumulates .

This change in

attitude has resulted from development of logical methods of
treatllient and the recognition that _treatment over a comparatively
long period is essential , if the best results are to be accomplished .
According to Allen and 8rown (161), the following consideration
decide a favorable prognosis .
1.
2.
;, .

4.

iarly recognition.
Persistence with rational treatment to increase the
circulation .
Care to avoid all types of trauma.
Impressing on the patient the chronic nature of the
disease, and the need for constant treatment .

Horton feels that if the above procedures are carried out,
the patient stands a good chance of continuing to walk on two
feet throughout life.
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CONCLUSLN
An attempt has oeen made to review the literature conce r ning

the etiology, general distribution and conservative treatment of
thrombo-angiitis obliterans.
The past decade has witnessed much progress in the whole field
of peripheral vascular d.1seases .

t-1ew studies are being reported

which contain valuable suggestions in the conservative handling
of the patient .

however, there is still ouch to oe done, particular -

ly, the establishment of a definite .etiological facto r, and a specifi c
a6ent in its treatment.
rom this thesis one can conclude:
1.

.Vhether or not the actual causal rela tion oetween tobacco
and thromoo-angiiti~ ooliterans can ever be establi ched ,
it is an aosolute necessity in the manac:eate nt of the
disease to avoid the use oi tobacco .

2.

There is much evidence, pathologically, to indicate that
an infectious or oacterial tox.i.c: substance is tne etio logical factor .

?•

Pathologically, the typical lesion affects the extremities .
Howe ver, the entire vascular system may be involved.

4.

If the best results are to be accomplished, conservative
treatment over a comparatively long period is essential .
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